One-hundred and twenty-three ewes were used in three experiments designed to determine whether the regulation of estrus, by administration of either prostaglandin F2 a (PG) to regress corpora lutea or medroxyprogesterone acetate (MAP) to control the length of the estrous cycle, would increase sperm death in the reproductive tract at the ensuing estrus. Ewes were treated either with PG injected IM on day 10 of an estrous cycle or with a MAPimpregnated intravaginal sponge from day 6 to 14 or from day 10 to 23. Ewes were in estrus and were mated 2 days after PG treatment and 2 or 3 days after withdrawal of MAP sponges. Control ewes were mated at a natural unregulated estrus. Ewes were neeropsied at 2 or 4 hr after mating. Sperm were washed from the uterine body; from the anterior, middle and posterior thirds of the cervix, and from the anterior vagina (Exp. 1 and 2), or from only the three segments of the cervix (Exp. 3). Viability of sperm was assessed from motility estimates, by live-dead staining and by acrosomal morphology. In the first two experiments, PG or MAP treatment significandy reduced the percentages of sperm that were motile and unstained and had normal acrosomes. Reductions were greater in the uterine body and anterior third of the t Reproduction Lab., Animal Science Institute, AR, SEA. The authors express appreciation to The Upjohn Company, Kalamazoo, MI, for supplying prostaglandin and medroxyprogesterone acetate; to Caird E. Rexroad, Jr., for statistical analysis of the data, and to Leah Schulman, for evaluating acrosomal morphology.
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Mention of a trade name or proprietary product does not constitute a guarantee or warranty by the USDA and does not imply approval to the exclusion of others not mentioned. cervix than in the middle and posterior thirds of the cervix (for PG-treated ewes, P = .004 for motile sperm, P = .0001 for unstained sperm and P = .001 for sperm with normal acrosomes). Thirty-three percent of the sperm were motile in the anterior third of the cervix of control ewes, and 10% were motile in the anterior third of the cervix of PC-and MAPtreated ewes; 61% of the sperm were unstained in the anterior cervix of control ewes and 18% were unstained in treated ewes. In Exp. 1 and 2, the concentration of sperm in washings of the anterior third of the cervix was lower for treated ewes than for control ewes. In the third experiment, sperm numbers in the anterior cervix of control ewes were reduced to the numbers in PG-and MAP-treated ewes by use of artificial insemination or by removal of semen from the vagina after natural mating. Treated ewes were mated naturally and semen was not removed. Thirty-five percent of the sperm were motile in the anterior third of the cervix of control ewes, and 13% were motile in PG-or MAP-treated ewes (P = .0003); 62% of the sperm were unstained in control ewes and 22% were unstained in treated ewes (P = .000I). Apparently, sperm death in treated ewes was caused mostly by something other than low sperm numbers. Death of sperm in the cervix may be a major factor in the reduction of the number of sperm that reach the anterior cervix, uterus and oviducts of ewes during regulated estrus. (Key Words: Ewes, Prostaglandin, Progestogen, Sperm Transport.)
I ntroduction
Fertility is generally lower than normal in ewes inseminated after synchronization of estrus with either progestogen or prostaglandin (Robinson, 1968 (Robinson, , 1975 Gordon, 1977 Lowered fertility seems to be due mainly to failure of fertilization (Robinson, 1968; Fairnie et al., 1977) , which is caused by low numbers of sperm in the oviducts around the time of ovulation (Quinlivan and Robinson, 1969; Hawk and Conley, 1975) .
The initial site of inhibition of sperm transport appears to be the cervix, particularly the anterior one-third of the cervix. Regulation of estrus with either progestogen or prostaglandin reduced the number of sperm in the anterior one-third of the cervix to about 10% of normal at 2 hr after mating (Hawk and Conley, 1975; Hawk and Cooper, 1977; Hawk et aL, 1978) .
Uterine contractions, observed in vivo or measured in vitro, have tended to differ between control ewes and ewes in regulated estrus (Hawk, 1973; Hawk and Echternkamp, 1973; Hawk and Conley, 1974) . However, the fact that the initial site of sperm transport failure is in the cervix raises the question of whether an effect of progestogen or prostaglandin on uterine contractions could account entirely for the lower numbers of sperm in the anterior segments of the cervix within 2 hr after insemination of ewes in regulated estrus.
Apparently, sperm must be alive and motile to leave the cervical lumen and populate the crypts of the cervix during the first few hours after insemination (Mattner and Braden, 1969; Lightfoot and Restall, 1971) . If the regulation of estrus with prostaglandin or progestogen caused the immobilization or death of sperm in the female reproductive tract, the establishment of sperm reservoirs in the cervix might be severely inhibited. This study was conducted to search for evidence of increased sperm death in the reproductive tract of ewes in regulated estrus and to identify the segments of the reproductive tract in which the estrus-regulating treatments had the greatest detrimental effect on sperm. Viability of sperm was assessed by motility, live-dead staining and acrosomal morphology.
Materials and Methods
Parous ewes about 6 years of age, predominantly of Rambouillet breeding, were checked for estrus twice daily with vasectomized rams.
Exp. 1. Prostaglandin F 2 ot Treatment. Twenty ewes were injected IM with 10 mg of prostaglandin F2~-tromethamine (PG), equivalent to 7.45 mg of free prostaglandin F2a, on day 10 of an estrous cycle (day 0 = first day of estrus). Each ewe was given two injections, 3 hr apart, of 5 mg of PG in 2 ml of water. All ewes treated with PG on day 10 were in estrus on day 12. Twenty ewes in estrus during the same period as the treated ewes were selected to serve as controls. Within 1 hr after detection of estrus, each ewe was mated once to each of two rams within a 10-rain period. Twelve treated and 12 control ewes were necropsied at 2 hr after mating, and eight treated and eight control ewes were necropsied at 4 hr after mating.
The reproductive tract was excised and the following five segments were washed for recovery of sperm: (1) the uterine body and about 2 cm of the adjoining uterine horns; (2) the anterior one-third of the cervix (proximal to the uterus); (3) the middle one-third of the cervix; (4) the posterior one-third of the cervix (proximal to the vagina), and (5) the anterior one-third of the vagina. Each segment was cut open lengthwise to expose the lumen, placed in a flask containing 10 ml of a glucose-fructose semen diluent (Watson and Martin, 1975) at 37 C and shaken for 1 minute. Sperm recovered in the washings were evaluated first for motility. Aliquots from each flask were examined immediately on a heated stage at 37 C under a phase contrast microscope. Sperm showing flagellar movement were classified as motile; those showing no movement were classified as nonmotile. Motility assessments were completed within 3 min after aliquots of washings were placed onto the slide. Usually, at least 100 sperm were observed, although fewer than 10 sperm were observed in washings of the uterine bodies of some ewes and no sperm were found within the allotted time in washings from the uterine bodies of a few ewes. Sperm in the washings were not counted because of the predictability, from results of previous experiments, of lower numbers of sperm in the treated than in the control ewes.
Viability of sperm was determined by a modification of Hancock's nigrosin-eosin sperm staining technique (Hancock, 1952) . The ratio of nigrosin to eosin was reduced from 6 to 1 to 2 to 1, and the dyes were dissolved in 2.6% sodium citrate (Wales, 1959) . One drop of washings was mixed with eight drops of stain at 37 C, left for 10 sec (Saacke, 1970) and dried under a hot-air blower. A blue filter was used in the microscope. Only unstained sperm were considered to have been live at the time of staining. If possible, at least 100 sperm were examined for an estimate of the percentage of unstained sperm.
Sperm were fixed for evaluation of acrosomal morphology by the addition of .1 ml of the washings from each segment of the reproductive tract to .1 ml of Beltsville L1 semen extender (Pursel et al., 1973) that contained 2% glutaraldehyde. Sperm were examined under a phase-contrast microscope and classified as having a normal apical ridge (NAR), damaged apical ridge, missing apical ridge or loose acrosomal cap (Pursel et al., 1972) . Most of the sperm classified as damaged had missing apical ridges. Because few sperm were present in the uterine bodies, particularly those of PG-treated ewes, percentages of sperm with NAR acrosomes from this segment of the tract were sometimes based on examination of only a few sperm.
Exp. 2. Medroxyprogesterone Acetate Treatment.
Twenty ewes each were treated with an intravaginal sponge impregnated with 60 mg of medroxyprogesterone acetate (6-methyl-17-acetoxyprogesterone; MAP). Sponges were inserted into 10 ewes on day 6 of an estrous cycle and removed on day 14. Sponges were inserted into the other 10 ewes on day 10 and removed on day 23. Ewes were detected in estrus 2 or 3 days after the sponges were removed. Treatment from day 6 to 14 did not extend the estrous cycle; treatment from day 10 to 23 extended the cycle by about 8 days. In previous work, each treatment has detrimentally affected sperm transport into the anterior one-third of the cervix (Hawk and Cooper, 1977) . Ten control ewes were in estrus during the same period as the 20 treated ewes. Within 1 hr after detection of estrus, each ewe was mated once to each of two rams. All ewes in this experiment were necropsied 2 hr after mating.
Tests for sperm viability were conducted as in Exp. 1, except that sperm in washings of the uterine body were not examined for normality of acrosomes because of the difficulty of finding sufficient numbers of sperm in MAPtreated ewes.
Exp. 3. Comparison of Treated and Control Ewes with Similar Numbers of Sperm in the Anterior
Cervix. In Exp. 1 and 2, sperm concentrations in washings from the anterior cervix and uterine body of PG-and MAP-treated ewes appeared to be no more than 10% of the concentration in washings of control ewes. Thus, some of the lower motility and greater sperm damage in treated than in control ewes could theoretically have been due to the "sperm dilution effect" (Mattner, 1969) ; sperm lose motility and die when semen is diluted in vitro to low concentrations in liquid media. In Exp. 1 and 2, the dilution of sperm was greater for treated than for control ewes both within the reproductive tract of the ewe and in the washings from the tract. Exp. 3 was conducted to remove the discrepancy in sperm numbers between treated and control ewes by reducing sperm numbers in the anterior cervix of control ewes and comparing control and treated ewes within sperm number categories. The anterior cervix was chosen as the site for equalization of sperm numbers because (1) this segment of the cervix is the most obvious site of sperm transport problems in treated ewes (Hawk and Conley, 1975) , and (2) enough sperm were usually recovered from the anterior cervix of treated ewes in Exp. 1 and 2 to provide reliable measurements of sperm characteristics.
Sperm numbers in 31 control ewes were reduced either (1) by inseminating ewes artificially with about .1 ml of freshly collected ram semen deposited against the external cervical os, or (2) by mating ewes once naturally and immediately opening the vagina with a speculum and wiping visible semen from the vagina and cervical os with a gauze pad. The two methods were about equally successful in reducing sperm numbers in the anterior cervix of control ewes.
Sixteen ewes were treated with PG on day 10 of an estrous cycle, as in Exp. 1, and 16 ewes were treated with MAP on days 6 to 14 or 10 to 23, as in Exp. 2. Treated ewes were mated twice naturally at the regulated estrus. All ewes were necropsied 2 hr after mating or artificial insemination. No differences between PG-and MAP-treated ewes were seen, so data for these ewes were pooled. A ewe was included in the experiment only if at least 20 sperm from the anterior cervix were found to score for motility within the allotted time and at least 20 were found to score for uptake of stain. Over the course of the experiment, four control ewes, two PG-treated ewes and four ewes treated with MAP from day 6 to day 14 were excluded from the results. Thus, 14 PGand 12 MAP-treated ewes, with 27 control ewes, are represented in the results.
Only the three segments of the cervix were used for measurement of sperm motility and survival. Methods for estimating percentages of motile and unstained sperm were the same as those used in Exp. 1. In addition to estimating motility between 1 and 4 min after the segment of cervix was immersed in washing fluid, we estimated motility again with another aliquot of washings 9 to 12 min after the tissue was immersed in fluid. This reading was made to test for degree of decline in motility. A third motility estimate was made with 11 control ewes 17 to 20 min after immersion of tissue. Live-dead staining was also done with aliquots of washings taken at each time interval. Acrosomal morphology was not assessed because estimates of motile and unstained sperm in Exp. 1 and 2 provided the most conclusive evidence of effects of treatment.
After aliquots of washings were removed for motility estimates and live-dead staining, sperm counts were made for each segment of the cervix. Saline solution was added to the washing medium, the flasks were refrigerated overnight and sperm in the washings were counted by hemocytometer as described previously (Hawk and Conley, 1975) .
On the basis of sperm counts, each ewe was placed into one of six categories for number of sperm in the anterior cervix. At the time of necropsy, no ewe had ovulated.
Statistical Analysis. Percentages of motile and unstained sperm and sperm with NAR acrosomes were transformed to their arcsin. Sperm numbers in Exp. 3 were converted to their log10. Data were analyzed by analysis of variance by the General Linear Models Procedure of the Statistical Analysis System (Barr et al., 1976) . Orthogonal contrasts were used in the analyses to compare effects of treatment on different segments of the reproductive tract. aMean -+ SEM.
Results

Exp. I. PG-treated
bData for the following numbers of ewes were excluded from the computation of means because no sperm could be found in the uterine body: control ewes, one for percentage of motile sperm and one for percentage of unstained sperm; PG-treated ewes, four for percentage of motile sperm, two for percentage of unstained sperm and three for normality of apical ridges.
CNumber in parentheses is number of ewes in the group. dNormal apical ridge. brevity, the anterior, middle and posterior thirds of the cervix will be termed the "anterior," "middle" and "posterior" cervix, respectively.
Three main effects, PG treatment, time after insemination (2 or 4 hr) and segment of the reproductive tract, were tested in the statistical analysis of the data. Treatment with PG to regulate estrus decreased the percentages of sperm that were motile (P = .001) and unstained (P = .002) over all five segments of the reproductive tract and two time intervals. Overall differences between sperm characteristics at 2 and 4 hr were not significant. Across all ewes and both time intervals, percentages of sperm that were motile and unstained and had NAR acrosomes varied significantly among segments of the reproductive tract (P<.0001 for each characteristic). The significant variation among segments resulted mostly because mean percentages were generally higher for the cervix than for the vagina and uterus (table 1) .
Regulatmn of estrus with PG has reduced sperm numbers to a greater degree in the anterior cervix than in the middle or posterior cervix (Hawk and Conley, 1975; Hawk and Cooper, 1977; Hawk et al., 1978) . Thus, any effects of PG treatment on sperm characteristics associated with failure of sperm to populate the cervix would probably be expressed more strongly in the anterior cervix than in the posterior cervix and would show up as interactions between PG treatment and segment of the reproductive tract. In fact, PG treatment (table 1) reduced the percentages of motile and unstained sperm and of sperm "with NAR acrosomes more in the anterior cervix and uterus than in the posterior and middle cervix (P --.004 for motile sperm, P = .0001 for unstained sperm and P = .001 for NAR sperm). The PG treatment also reduced motility more (P<.05) in the middle than in the posterior cervix. No difference in effect of PG treatment was apparent between the uterus and the anterior one-third of the cervix. These interactions indicate the presence of a gradient within the cervix in the effect of PG treatment, with a much more severe effect in the anterior than in the posterior segment.
Some of the other interactions among PG treatment, time after insemination and segment of the reproductive tract were significant. The interaction of PG treatment x time was significant for percentage of motile sperm (P<.05); the significant interaction resulted from consistently lower motility at 4 hr than at 2 hr in all segments of the reproductive tract of PGtreated ewes but not in that of control ewes (table 1). The interaction of PG treatment • vagina versus other segments was significant for percentage of unstained sperm (P = .004); this interaction resulted mainly from effects of PG treatment on the anterior cervix and uterus. Most interactions of time (2 and 4 hr) x segments of the reproductive tract were not significant. However, the interaction of time x posterior and middle cervix versus anterior cervix and uterus was significant for percentages of motile and unstained sperm (P = .0002 and .001, respectively); among both control and PG-treated ewes, the percentages of motile and unstained sperm decreased from 2 to 4 hr in the posterior and middle cervix but increased in the anterior cervix and uterus (table 1) . Perhaps by 4 hr some selection in favor of retaining viable sperm had taken place in the anterior cervix and uterus.
None of the three-way interactions among treatment, time and segment of the tract was significant.
Motility appeared to be the first of the three measures of sperm viability to be affected by PG treatment; percentages of motile sperm were lower than percentages of unstained sperm in each segment of the tract in each treatment group. In contrast, there was no consistent relationship between percentages of sperm with NAR acrosomes and percentages of motile and unstained sperm. In all segments of the tract in the control ewes, the percentage of unstained sperm was higher than the percentage of sperm with NAR acrosomes, indicating that acrosomes often showed damage before sperm died. This relationship was not consistent in PG-treated ewes, suggesting that, under the adverse effects of PG treatment, sperm often died nearer to the time that acrosomal damage became apparent.
Exp. 2. Progestogen-treated
ewes. The percentages of motile and unstained sperm and sperm with NAR acrosomes are presented in table 2.
--The main effects of MAP treatment and segment of the reproductive tract each significantly influenced sperm characteristics. Treatment of ewes with MAP caused a decrease in the percentages of motile (P = .0001) and unstained sperm (P = .0001) over all five segments of the tract (table 2) . Overall differences between periods of MAP treatment (days 6 to 14 or 10 to 23, table 2) were not signifi- bData for the following numbers of ewes were excluded from the calculations of means because no sperm could be found in the uterine body: control ewes, two each for percentages of motile and unstained sperm; MAP ewes, two for percentage motile sperm and one for percentage unstained sperm.
CNumber in parenthesis is number of ewes in the group. dNormal apical ridge.
eBecause of the paucity of sperm in the uterine body of ewes of groups 2 and 3, observations were not made for morphology of apical ridges.
cant. Means differed significantly among segments of the reproductive tract (P<.0001 for motile, unstained and NAR sperm), mainly because of higher values in the cervix than in the vagina or uterus (table 2). The percentage of sperm with NAR acrosomes was consistently higher in the middle cervix than in either the posterior or anterior cervix, a result similar to that obtained with PG-treated ewes.
As in the PG experiment, the interactions of treatment x segment of the tract provided information on the site of adverse effects of MAP treatment. The decline in percentages of motile and unstained sperm from the posterior and middle cervix to the anterior cervix and uterus was greater in MAP-treated ewes than in controls (P = .0004 and .0001 for percentages of motile and unstained sperm, respectively). As in the PG experiment, the adverse effect of MAP on the percentage of motile sperm extended into the middle cervix, as shown by a greater effect of MAP treatment in the middle than in the posterior segment of the cervix (P<.03). Differences in the effect of MAP between the anterior cervix and the uterus were not significant.
The interaction of MAP treatment x the vagina versus other segments was significant for percentage of unstained sperm (P<.002). This interaction resulted mainly from the effect of MAP in the anterior cervix and uterus. The percentages of unstained sperm in the vagina were considerably lower for MAP-treated ewes than for the controls (table 2), a finding consistent with previous observations of progestogeninduced sperm loss in the vagina (Hawk and Conley, 1973) .
Although overall differences between periods of MAP treatment (days 6 to 14 versus days 10 to 23) were not significant, some of the interactions of periods of MAP treatment x segments of the reproductive tract were significant (P<.05 or P<.O1). These interactions occurred largely because (1) percentages of motile, unstained and NAR sperm in the posterior and middle cervix were higher for the ewes treated on days 10 to 23 than for those treated on days 6 to 14, and (2) the decline in percentages from the posterior and middle cervix to the vagina and to the anterior cervix and uterus was greater in ewes treated on days 10 to 23 than in those treated on days 6 to 14 (table 2) . The reason for this differential effect of period of MAP treatment on sperm in various segments of the reproductive tract is not known, but the interactions are consistent with the results of a previous study in which significantly fewer sperm were recovered from the posterior and middle segments of the cervix of ewes treated with MAP on days 6 to 14 than from the same sites in ewes treated on days 6 to 22 or days 14 to 22 (Hawk and Cooper, 1977) .
Relationships among the three sperm characteristics were similar to those observed in the PG experiment. Percentages of motile sperm were consistently lower than the percentages of unstained sperm. The percentages of sperm with NAR acrosomes were consistently lower than the percentages of unstained sperm in the control ewes, but not in the MAP-treated ewes, suggesting that MAP treatment, like PG treatment, caused early death of sperm in relation to acrosomal damage.
Exp. 3. Comparison of Treated and Control
Ewes with Similar Numbers of Sperm in the Anterior Cervix. Attempts to increase the proportion of control ewes with low numbers of sperm in the anterior cervig were reasonably successful, although somewhol higher proportions of control ewes than treated ewes still fell into the high sperm number categories (table  3) .
Initial motility readings were taken between apG-MAP = ewes treated with either prostaglandin F 2 ~ or medroxyprogesterone acetate. Number in parentheses is the number of ewes treated with each compound.
bMultiplier for each mean.
1 and 4 min after tissue was immersed in washing fluid, and aliquots of the washings were taken at the same time for live-dead staining. Between the time of the initial estimates at 1 to 4 rain and the second estimates at 9 to 12 min, the numbers of motile and unstained sperm in the anterior cervix of control ewes declined by 8 and 7%, respectively. In treated ewes, in which percentages were much lower initially than in control ewes, the numbers of motile and unstained sperm each declined by 2%. In other segments of the cervix of both control and treated ewes, the numbers of sperm that were motile or unstained declined by about 6%. In 11 control ewes in which a third estimate was taken at 17 to 20 min, the decline from 9 to 12 min averaged about 7% for both motile and unstained sperm. These figures indicate that the rate of immobilization of sperm in vitro did not greatly influence the estimates of motile and unstained sperm taken within 4 rain after immersion of tissue segments in washing fluid.
If dilution of sperm either in the ewe or in the washing medium had contributed importantly to the immobilization and death of sperm in the treated ewes in Exp. 1 and 2, the results of Exp. 3 would have been expected to show (1) a greatly reduced difference between control and treated ewes in the percentage of motile and unstained sperm in the anterior cervix, and (2) much lower percentages of motile and unstained sperm in control ewes in the low sperm number categories than in control ewes in the higher sperm number categories. Actually, the results showed that reduction in sperm numbers in the anterior cervix of control ewes had only a slight depressing effect of percentages of motile and unstained sperm. Within sperm number categories, PG and MAP treatments still significantly reduced the proportions of motile and unstained sperm in the anterior cervix (table 3) . Also, the percentages of motile and unstained sperm presented in table 3 were very similar to the percentages for control and treated ewes presented in tables 1 and 2. Among the 27 control ewes, the overall correlation coefficients between number of sperm in the anterior cervix and percentages of motile and unstained sperm were .18 and .08, respectively. FOr the 26 treated ewes, the correlation coefficients were .20 and .26. None of these coefficients approached statistical significance.
In the middle cervix, the variation in sperm numbers among sperm number categories was significant, although the increase in sperm numbers from the low to the high groups was only about 16-fold for the middle cervix compared with more than 400-fold for the anterior cervix (table 3) . The PG and MAP treatment reduced percentages of motile and unstained sperm in the middle cervix by about the same degree as in Exp. 1 and 2, and, as in the previous experiments, treatment reduced the percentages less in the middle cervix than in the anterior cervix. The interaction between treatment and sperm number group was significant for percentage of motile sperm and approached significance for percentage of unstained sperm (P = .07; table 3); these interactions indicated that the PG or MAP treatment had a somewhat greater detrimental effect in the middle cervix of ewes with low sperm numbers than in that of ewes with high sperm numbers.
For the posterior cervix, the difference between numbers of sperm in the sperm number categories was not significant. The PG and MAP treatments reduced percentages of motile and unstained sperm somewhat more than they did in Exp. 1 and 2.
The results of this experiment suggest that only a small part of the detrimental effects of PG or MAP treatment on sperm motility and survival can be ascribed to dilution of sperm, either in the reproductive tract or in the washing solution. Most of the treatment effect appears to be due to one or more factors other than dilution. Perhaps cervical mucus protected sperm from potential dilution effects both in vivo and in vitro (Mattner, 1969) .
Discussion
Treating ewes with either PGF20t or MAP intensified the immobilization and death of sperm in the reproductive tract at the ensuing estrus. The two compounds had nearly identical effects. The action against sperm appeared to be strongest in the uterus and anterior one-third of the cervix. The anterior cervix is the site of the most drastic reduction in sperm numbers at 2 hr after mating of ewes in PG-or MAP-related estrus (Hawk and Conley, 1975; Hawk and Cooper, 1977) . The failure of sperm to populate the anterior cervix at 2 hr after mating results later in a paucity of sperm in the oviducts (Croker et al., 1975; Hawk and Conley, 1975 ) and a high rate of fertilization failure (Robinson 1968; Fairnie et aL, 1977) .
Such factors as contractions of the reproductive tract or secretion of cervical mucus might be involved in the reduction of the numbers of sperm in the anterior cervix. However, the association of sperm death in the cervix with low numbers of sperm in the cervix suggests a cause-and-effect relationship. Immobilization and death of sperm in the cervix may be largely responsible for the inability of normal numbers of sperm either to reach the anterior cervix or to stay there.
The immobilization and death of sperm in the reproductive tract could result either from the action of some kind of spermicidal factor or condition or from the absence of protective elements. Any spermicidal factors might originate in the cervix, in the uterus, with the material penetrating into the cervix, or in both the uterus and the cervix.
Evidence that immobilization and death of sperm in the reproductive tract are associated with reduced numbers of sperm in the anterior cervix has also been obtained in two other experiments. The presence of a plastic spiral (IUD) in the uterine lumen of the ewe drastically inhibits sperm transport into the anterior cervix, uterus and oviducts (Hawk and Conley, 1975) . Low percentages of motile and unstained sperm, similar to the percentages for PG-or MAP-treated ewes in the present study, were found in the anterior cervix and uterine body of IUD-bearing ewes at estrus (H. W. Hawk, B. S. Cooper, C. E. Rexroad, Jr. and V. G. Pursel, unpublished data) . The effect of the IUD might suggest a uterine origin for spermicidal factors. In another study (Hawk et al., 1981) , the corpus Iuteum-bearing ovary was removed from ewes on day 10 of the estrous cycle, causing the ewes to return to estrus within 2 or 3 days. At 2 hr after mating, the number of sperm in the anterior cervix was drastically reduced; percentages of sperm in the anterior cervix and uterus that were motile and unstained and had NAR acrosomes were also drastically reduced. Thus, each of four causes of inhibited sperm transport (regulation of estrus with PG or MAP, treatment with an IUD and removal of the corpus luteum-bearing ovary) was associated with immobilization and death of sperm in the cervix.
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